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  ﯽﻓﺎرﺳ ﭼﮑﯿﺪه
 ﮐـﻪ اوﻟـﯿﻦ ﻋﻨﺼـﺮ در ﮔـﺮوه  ﺑﺎﺷـﺪ ﯽﻣ ٠٣و ﻋـﺪد اﺗﻤـﯽ nZﯾﮏ ﻋﻨﺼﺮ ﺷﯿﻤﯿﺎﯾﯽ ﺑﺎ ﻧﻤـﺎد  (nZ)روی ﻣﻘﺪﻣﻪ:
هـﺮ دو ﻋﻨﺼـﺮ ﻓﻘـﻂ ﺷﯿﻤﯿﺎﯾﯽ ﺑﻪ ﻣﻨﯿﺰﯾﻢ ﺷﺒﯿﻪ اﺳـﺖ، ﮐـﻪ دوازدهﻢ ﺟﺪول ﺗﻨﺎوﺑﯽ ﺑﻮده و در ﺑﺮﺧﯽ ﻣﻮارد ﺑﻪ ﻟﺤﺎظ 
 ،اﻧﺪازه ﻣﺸـﺎﺑﻪ هﺴـﺘﻨﺪ  دارایgM   +٢وnZ  +٢هﺎی ﯾﻮنو  دهﻨﺪ ﯽﻣرا ﻧﺸﺎن  (+٢ )اﮐﺴﯿﺪاﺳﯿﻮن ﻣﻌﻤﻮﻟﯽﯾﮏ ﺣﺎﻟﺖ 
ﺗﻮﻟﯿـﺪ  ﻣﻨﻈﻮر ﺑـﻪاﺳـﺘﻔﺎده ﺷـﺪه اﺳـﺖ و  ذراتﻧـﺎﻧﻮﺳـﻨﺘﺰ  یﺑـﺮا یﺑﺴـﯿﺎر ﯽﺷـﯿﻤﯿﺎﯾو  ﯽﻓﯿﺰﯾﮑـ یهـﺎﺗﺎﮐﻨﻮن روش
ﺳـﻨﺘﺰ  یﺑـﺮا اﮔﺮﭼـﻪدر ﺣﺎل ﺗﮑﺎﻣﻞ هﺴـﺘﻨﺪ.  یﺟﺪﯾﺪﺗﺮ یهﺎروش ﻣﺮﺗﺒﺎ ًدارﻧﺪ  ﯽﮐﻪ ﺷﮑﻞ و اﻧﺪازه ﺧﺎﺻ ﯽﻧﺎﻧﻮذراﺗ
هـﺎ دﺷـﻮار و ﭘﺮهﺰﯾﻨـﻪ ﺑـﻮده و اﻧﺪ اﻣﺎ اﻏﻠﺐ اﯾﻦ روشاﺳﺘﻔﺎده ﺷﺪه یآﻣﯿﺰﻣﻮﻓﻘﯿﺖ ﻃﻮر  ﺑﻪهﺎی ﻓﻮق روش ﻧﺎﻧﻮذرات
ﺟﺪﯾـﺪ  یﺳـﻨﺘﺰ یهﺎﻣﻀﺮ اﺳﺘﻔﺎده ﺷﺪه اﺳﺖ. ﺑﻨﺎﺑﺮاﯾﻦ در ﺣﺎل ﺣﺎﺿﺮ ﻣﺤﻘﻘﯿﻦ ﺑﻪ روش ﯽدر آﻧﻬﺎ از ﻣﻮاد ﺷﯿﻤﯿﺎﯾ
ﺑـﺎ  ذراتﻧﺎﻧﻮدر اﯾﻦ ﺑﯿﻦ ﺗﻮﻟﯿﺪ  .دارﻧﺪ رااﻧﺠﺎم ﭘﮋوهﺶ ﺑﻮده و ﻗﺎﺑﻠﯿﺖ  زﯾﺴﺖ ﯿﻂﻣﺤ دوﺳﺘﺪاردارﻧﺪ ﮐﻪ  یاﺗﻮﺟﻪ وﯾﮋه
ﯽ هـﺎﯾ ﮐـﻪ در ﻣﻄﺎﻟﻌـﺎت ﻗﺒﻠـﯽ ﺗـﻮا  arev aludnavaLﺑﯿﻮﻟﻮژﯾـﻚ از ﻋﺼـﺎره آﺑـﯽ ﺑـﺮگ ﮔﯿـﺎه یهـﺎ روشاﺳﺘﻔﺎده از 
اﺳـﺘﻔﺎده  ﯾﻮﻣـﺎﮐﺮووﻣـﻮاج هـﺎی روی در ﺣﻀـﻮر اﮔﯽ آن ﺑﻪ اﺛﺒﺎت رﺳﯿﺪه اﺳﺖ ﺑﻪ ﻋﻨﻮان اﺣﯿﺎﮐﻨﻨﺪه ﯾـﻮناﺣﯿﺎﮐﻨﻨﺪ
ﺳﺖ ﮐﻪ ﺗﻮﺟﻪ زﯾﺎدی را ﺑﻪ ﺧﻮد ﺟﻠﺐ ﮐﺮده اﺳﺖ. اﺣﺎﺻﻞ از ﺑﯿﻮﺗﮑﻨﻮﻟﻮژی ﻧﯿﺰ از ﻣﻮﺿﻮﻋﺎﺗﯽ  ﻧﺎﻧﻮذرات ﺧﻮاهﺪ ﺷﺪ.
ﺑﺎﺷـﺪ. اﻧﺪازه و ﺳـﻤﯿﺖ ﮐﻤﺘـﺮ ﻣـﯽ رات،ﺑﺎﺷﺪ ﮐﻪ ﺷﺎﻣﻞ ﯾﮑﻨﻮاﺧﺘﯽ درﺷﮑﻞ ذﺑﯿﻮﺳﻨﺘﺰ ﻣﺰاﯾﺎی زﯾﺎدی را دارا ﻣﯽﻧﺎﻧﻮ
اﯾﻦ ﻣﻄﺎﻟﻌﻪ ﺳﻤﯿﺖ ﺣـﺎد و ﺗﺤـﺖ ﺣـﺎد هﺎ وﺟﻮد دارد. ﺑﻨﺎﺑﺮاﯾﻦ، در اﯾﻦ وﯾﮋﮔﯽ ﯿﺪﺗﺎﺋاﻃﻼﻋﺎت ﮐﻤﯽ ﺑﺮای  ﺣﺎل ﯾﻦﺑﺎا
ﻗـﺮار  ﯽﺑﺮرﺳـ ﻣﻮرداﺳﺖ در ﻣﻮش ﺳﻮری  ﯿﺪﺷﺪهﺗﻮﻟ ﺑﺮگ ﮔﯿﺎهﻋﺼﺎره آﺑﯽ  ﯿﺮیﮐﺎرﮔ ﺑﻪﺑﺎ ﮐﻪ  رویذرات ﺑﯿﻮژﻧﯿﮏ ﻧﺎﻧﻮ
  ﮔﺮﻓﺖ.
 ﯾﻮﻣﺎﮐﺮوودر ﺣﻀﻮر اﻣﻮاج   arev aludnavaLﻋﺼﺎره آﺑﯽ ﺑﺮگ ﮔﯿﺎهﺑﺎ اﺳﺘﻔﺎده از  ذراتﻧﺎﻧﻮﺗﻮﻟﯿﺪ  :هﺎ روش
 ﺷﯿﻤﯿﺎﯾﯽ آﻧﻬﺎ ﺷﺪه و ﺧﺼﻮﺻﯿﺎت ﻓﯿﺰﯾﮑﯽ و یﺗﻮﻟﯿﺪی ﺟﺪاﺳﺎز ذراتﻧﺎﻧﻮﺧﻮاهﺪ ﺷﺪ. در ﻣﺮﺣﻠﻪ ﺑﻌﺪ اﻧﺠﺎم 
ﺗﻌﯿﯿﻦ و ﻣﯿﺰان دوز ﻣﺘﻮﺳﻂ ﮐﺸﻨﺪه آﻧﻬﺎ ﻣﺤﺎﺳﺒﻪ و  یدر ﻣﻮش ﺳﻮر ﻧﺎﻧﻮذراتﺳﻤﯿﺖ ﺣﺎد اﯾﻦ  .ﺷﻮد ﯽﻣﺑﺮرﺳﯽ 
هﺎی ﻣﻮش ﺗﺮ از دوز ﻣﺘﻮﺳﻂ ﮐﺸﻨﺪه درﭘﺎﯾﯿﻦ یهﺎز دودر  روی ﻧﺎﻧﻮذراتﺗﺤﺖ ﺣﺎد  ﺧﻮراﮐﯽ ﺳﻤﯿﺖ ﯾﺖدرﻧﻬﺎ
-دی هﺎی ﻣﺨﺘﻠﻒ از ﺟﻤﻠﻪ ﺳﻄﺢ ﻣﺎﻟﻮنهﺎ و ﻓﺎﮐﺘﻮرآﻧﺰﯾﻢ ﯽﺳﺮﻣﺗﻌﯿﯿﻦ ﺷﺪ و ﺳﻄﺢ روزه  ٤١در ﯾﮏ دوره ﺳﻮری 
هﻤﭽﻨﯿﻦ ﻣﯿﺰان ﺑﯿﺎن  ﺳﻮﭘﺮ اﮐﺴﯿﺪ دﯾﺴﻤﻮﺗﺎز وﮐﺎﺗﺎﻻز و هﺎی ﯾﻢآﻧﺰﮔﻠﻮﺗﺎﺗﯿﻮن و هﻤﭽﻨﯿﻦ ﻣﯿﺰان ﻓﻌﺎﻟﯿﺖ و  آﻟﺪﺋﯿﺪ
 و ﺑﺎﻓﺖ ﺑﺎ اﺳﺘﻔﺎده از ﺗﮑﻨﯿﮏ اﺗﻤﯿﮏ اﺑﺬورﺑﺸﻦ در رویﭘﺮوﺗﺌﯿﻦ ﺑﺎ اﺳﺘﻔﺎده از ﺗﮑﻨﯿﮏ وﺳﺘﺮن ﺑﻼت و ﻣﻘﺪار 
 هﺎی در ﮔﺮوه ﻃﺤﺎلو  ﮐﺒﺪ ،ﻗﻠﺐ،،ﻣﻐﺰ، ﺑﯿﻀﻪ، ﮐﻠﯿﻪهﺎی ﻣﺨﺘﻠﻒ از ﺟﻤﻠﻪ هﻤﭽﻨﯿﻦ ﺗﻐﯿﯿﺮات ﭘﺎﺗﻮﻟﻮژﯾﮏ ﺑﺎﻓﺖ
  ﺷﺪ. ﯽﮔﻮﻧﺎﮔﻮن ﺑﺮرﺳ
ﺻﻞ از ﻣﯿﮑﺮوﺳﮑﻮپ اﻟﮑﺘﺮوﻧﯽ اﻧﺘﻘﺎﻟﯽ و ﭘﺮاﮐﻨﺪﮔﯽ ﻃﯿﻒ اﺷﻌﻪ ﺎهﺎی ﺣﺗﺠﺰﯾﻪ و ﺗﺤﻠﯿﻞ داده هﺎ: ﯾﺎﻓﺘﻪ
ﺑﺮرﺳﯽ . اﺳﺖ ﻣﺘﺮﻧﺎﻧﻮ ٠٨ﺗﺎ  ٠٣ﻣﺤﺪوده اﻧﺪازه آﻧﻬﺎو  ﺷﮑﻞ وی ﮐﺮویر ﯿﻮﻟﻮژﯾﮏ ﺑ ذراتﮐﻪ ﻧﺎﻧﻮاﯾﮑﺲ ﻧﺸﺎن داد 
 ﺑﻪ ﺗﺮﺗﯿﺐ )4OSnZ( ﺎتروی ﺳﻮﻟﻔو روی ذره ﺑﯿﻮژﻧﯿﮏ ﺷﻨﺎﺳﯽ ﻧﺸﺎن داد ﮐﻪ ﻣﻘﺎدﯾﺮ دوز ﮐﺸﻨﺪه ﺑﺮای ﻧﺎﻧﻮﺳﻢ
هﻤﺮاه ﺑﺎ ﻋﻼﺋﻢ ﺳﻤﯿﺖ ﺷﺎﻣﻞ ﮐﺎهﺶ وزن ﺑﺪن، ﮐﻪ  .ﺑﻮد ﮔﺮم ﺑﺮ ﮐﯿﻠﻮﮔﺮمﻣﯿﻠﯽ ٠٠١ و ﯿﻠﻮﮔﺮمﮐﺑﺮ  ﮔﺮم ٥ ﺑﺎﻻﺗﺮ از
ﺗﺎز و ﮐﺎﺗﺎﻻز و ﺗﻐﯿﯿﺮات دﯾﺴﻤﻮ ﯿﺪﺳﻮﭘﺮ اﮐﺴو ﮐﺎهﺶ ﻣﻘﺪار ﮔﻠﻮﺗﺎﺗﯿﻮن، ﻓﻌﺎﻟﯿﺖ آﻟﺪﺋﯿﺪ ¬ﻣﺎﻟﻮن دیاﻓﺰاﯾﺶ ﺳﻄﺢ 
ﺗﻐﯿﯿﺮات هﯿﺴﺘﻮﭘﺎﺗﻮﻟﻮژﯾﮑﯽ واﺿﺢ ﻣﺸﺎهﺪه  رویذره ﺑﯿﻮژﻧﯿﮏ ﺑﺎﺷﺪ. در درﻣﺎن ﺑﺎ ﻧﺎﻧﻮهﺎی ﺑﯿﻮﺷﯿﻤﯿﺎﯾﯽ ﻣﯽﭘﺎراﻣﺘﺮ
  ﺷﺪ.
)دوز  LEAONﮐﻤﺘﺮ ﺳﻤﯽ ﺑﻮد و دوز  روی ﺳﻮﻟﻔﺎتدر ﻣﻘﺎﯾﺴﻪ ﺑﺎ  رویﺑﯿﻮژﻧﯿﮏ  ﻧﺎﻧﻮذرات :یﺮﯿﮔ ﺠﻪﯿﻧﺘ
ﺑﺮ  ﮔﺮم ١از  ﺗﺮﭘﺎﯾﯿﻦ ﺗﺤﺖ ﺣﺎدﺧﻮراﮐﯽ  روزه ﺳﻤﯿﺖ ٤١در ﻣﻄﺎﻟﻌﻪ  رویﺑﺪون ﻣﺸﺎهﺪه اﺛﺮ ﻣﻀﺮ( ﻧﺎﻧﻮذره ﺑﯿﻮژﻧﯿﮏ 
  .ﺑﺎﺷﺪﻣﯽ ﯿﻠﻮﮔﺮمﮐ












Background and Objectives: new physical and chemical methods for reaching nanoparticles 
(NPs) with specific composition and size, suitability of energy use, low toxicity and easy to 
operate research  In the field of advancement in the development of green technologies in the 
synthesis of nanomaterials, NPs are produced using biological systems due to their high purity, 
convenience and low cost, non toxicity and NP production with new propertiessynthesis of NPs 
using biological methods eliminates this problem and makes them more biocompatible. 
Therefore, in this study, we purposed to describe acute and sub-acute toxicological aspects of 
Zn NPs in which were prepared through a green microwave-assisted synthesis of Zn NPs using 
Lavandula vera leaf extract.  
Method: The Zn NPs were prepared by a green microwave-assisted synthesis method in the 
presence of Lavandula vera leaf extract. Determination of median lethaldose (LD50) of Zn NPs 
and the subacute toxicity after 14 days of substance toxicity Oxidative stress (OS) values 
including determination of malondialdehyde (MDA) concentration, glutathione (GSH) content, 
the activity of antioxidant enzymes such as SOD and catalase (CAT), and caspase-3 expression, 
was evaluated as biochemical and molecular biogenic Zn NPs undertaken toxicity mechanisms. 
Biogenic Zn NPs distribution in tissues and histopathological changes were also examined to 
confirm the biochemical/molecular results.  
Results: The western blotting was used to determine the cleaved-caspase-3 expression in the 
sampled tissues. Flame atomic absorption spectrophotometer (AAS) was applied to estimate the 
Zn levels in tissues. The SEM analyses revealed that the biogenic Zn NPs were spherical-shaped 
with the size range of 30–80 nm. The LD50 value above 5 g/kg indicated that biogenic Zn NPs 
could be classified as nontoxic chemicals. In subacute toxicity, no significant differences were 
 found in the body weight as well as hematological and oxidative stress (OS) biomarkers after 
exposure to Zn NPs at the dose of 1 g/kg in comparison to the control. The AAS results 
indicated that Zn NPs were mainly distributed in the testis, liver, and brain. The findings of 
histology images of Zn NPs at the dose of 1 g/kg were similar to those of the control. 
Furthermore, no significant differences were observed in cleaved-caspase-3 expression after 
exposure to Zn NPs at the dose of 5 g/kg.  
Conclusion: The results demonstrated that changes in the OS were not related to caspase 
pathway and the no-observed-adverse-effect level (NOAEL) dose of biogenic Zn NPs in 14-
days subacute toxicity study was lower than 1 g/kg 
Keywords: Zn nanoparticles; median lethal dose; subacute toxicity; oxidative stress; NOAEL 
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